Tryptophanyl adenylate formation by tryptophanyl-tRNA synthetase from Escherichia coli.
By gel filtration and titration on DEAE-cellulose filters we show that Escherichia coli tryptophanyl-tRNA synthetase forms tryptophanyl adenylate as an initial reaction product when the enzyme is mixed with ATP-Mg and tryptophan. This reaction precedes the synthesis of the tryptophanyl-ATP ester known to be formed by this enzyme. The stoichiometry of tryptophanyl adenylate synthesis is 2 mol per mole of dimeric enzyme. When this reaction is studied either by the stopped-flow method, by the fluorescence changes of the enzyme, or by radioactive ATP depletion, three successive chemical processes are identified. The first two processes correspond to the synthesis of the two adenylates, at very different rates. The rate constants of tryptophanyl adenylate synthesis are respectively 146 +/- 17 s-1 and 3.3 +/- 0.9 s-1. The third process is the synthesis of tryptophanyl-ATP, the rate constant of which is 0.025 s-1. The Michaelis constants for ATP and for tryptophan in the activation reaction are respectively 179 +/- 35 microM and 23.9 +/- 7.9 microM, for the fast site, and 116 +/- 45 microM and 3.7 +/- 2.2 microM, for the slow site. No synergy between ATP and tryptophan can be evidenced. The data are interpreted as showing positive cooperativity between the subunits associated with conformational changes evidenced by fluorometric methods. The pyrophosphorolysis of tryptophanyl adenylate presents a Michaelian behavior for both sites, and the rate constant of the reverse reaction is 360 +/- 10 s-1 with a binding constant of 196 +/- 12 microM for inorganic pyrophosphate (PPi).(ABSTRACT TRUNCATED AT 250 WORDS)